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TIEN METHODS OF INHIBITING ATROPHY OR PROMOTING HYPERTROPHY. 
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TI Methods for assessing the anti -cancer activity of a KIT tyrosine kinase 

inhibitor, gastrointestinal stromal tumor treatment, and assessing cancer 
progression, using gene expression profiling 

AB The present invention provides novel methods for the treatment of cancer, 
methods for screening compds. having anti-cancer activity, and methods of 
assessing cancer progression. In accordance with the present invention, a 
method of assessing the anti -cancer activity of a KIT tyrosine kinase 
inhibitor in a biol , sample comprising a tumor cell is provided. In a 
preferred embodiment, the tumor is a gastrointestinal stromal tumor (GIST) 
and the KIT tyrosine kinase inhibitor is imatinib, SU1124 8 (Sugen 
Pharmaceuticals), or a pharmaceutically acceptable salt thereof. DNA 
microarrays revealed 148 genes that were differentially expressed between 
untreated and imatinib- treated human GIST cells, in vitro. One of these 
genes, Sprouty4A (SPRY4A) a regulator of tyrosine kinase -mediated 
signaling pathways, was dramatically down- regulated, A biomarker MAFbx 
was up-regulated in response to imatinib treatment. In addition, imatinib 
inhibited KIT phosphorylation without affecting the total level of KIT 
protein. The inventors proposed a method for determining the efficacy of an 
anticancer treatment comprising detection of an alteration in 
phosphorylation of a biomarker (such as decrease in GABl phosphorylation) . 

L4 ANSWER 6 OF 343 USPATFULL on STN 

TI Heterocyclic aromatic compounds useful as growth hormone secretagogues 

AB Novel heterocyclic aromatic compounds are provided that are useful in 

stimulating endogenous production or release of growth hormone, said 
compounds having the general structure of formula I ##STR1## 

wherein R.sub.l, R.sub.l', R.sub.2, R.sub.3, R.sub.4, Xa, Y, 2 and n are 
as described herein. 

The compounds provided herein are useful in treating obesity, 
osteoporosis (improving bone density) and in improving muscle mass and 
muscle strength. 
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TI Pyrid-2-one derivatives and methods of use 

AB Selected compounds are effective for treatment of diseases, such as cell 

proliferation or apoptosis mediated diseases. The invention encompasses 
novel compounds, analogs, prodrugs and pharmaceutically acceptable 
derivatives thereof, pharmaceutical compositions and methods for 
prophylaxis and treatment of diseases and other maladies or conditions 
involving stroke, cancer and the like. The subject invention also 
relates to processes for making such compounds as well as to 
intermediates useful in such processes. 

L4 ANSWER 8 OF 343 USPATFULL on STN 

TI Methods and compositions for treating neurological disorders 

AB The present invention relates generally to the fields of neuroscience, 

growth factors and depression. More particularly, the present invention 
addresses the need in the art for methods and compositions for treating 
neurological disorders such as depression, anxiety, panic disorder, 
bi-polar disorder, insomnia, obsessive compulsive disorder, dysthymic 
disorder and schizophrenia. In certain embodiments, the invention 
relates to non-covalent binding interactions between insulin-like growth 
factors (IGFs) and IGF binding proteins (IGFBPs) . 
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TI Methods and compositions for treating apoptosis associated disorders 

AB Methods for modulating apoptosis by administering a phosphatidic acid 

compound are described. 

CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

L4 ANSWER 10 OF 343 USPATFULL on STN 

TI Lp mammalian proteins; related reagents 

AB Isolated nucleic acid molecules encoding polypeptides from a human, 

reagents related thereto (including purified polypeptidesspecif ic 
antibodies) are provided. Methods of using said reagentsand diagnostic 
kits are also provided. 

CAS INDEXING IS AVAILABLE FOR THIS PATENT. 
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DETDEN BACKGROUND OF THE INVENTION 

A decrease in muscle mass, or atrophy, is associated with 

various physiological and pathological states. For example, muscle 

atrophy can result from denervation due to nerve trauma; 

degenerative, metabolic or inflammatory neuropathy, e.g. Guillian-Barre 



syndrome; peripheral neuropathy; or nerve damage caused by environmental 

toxins or drugs. Muscle atrophy may also result from 

denervation due to a motor neuropathy including, for example, adult 

motor neuron disease, such as Amyotrophic Lateral Sclerosis (ALS or Lou 

Gehrig's disease); infantile and juvenile spinal muscular 

atrophies; and autoimmune motor neuropathy with multifocal 

conductor block. Muscle atrophy may also result from chronic 

disease resulting from, for example, paralysis due to stroke or spinal 

cord injury; skeletal immobilization due to trauma, such as, for 

example, fracture, ligament or tendon injury, sprain or dislocation; or 

prolonged bed rest. Metabolic stress or nutritional insufficiency, which 

may also result in muscle atrophy, include inter alia the 

cachexia of cancer and other chronic illnesses including AIDS, fasting 

or rhabdomyo lysis, and endocrine disorders such as disorders of the 

thyroid gland and diabetes. Muscle atrophy may also be due to 

a muscular dystrophy syndrome such as Duchenne, Becker, myotonic, 

f ascioscapulohumeral, Emery-Dreif uss , oculopharyngeal, scapulohumeral, 

limb girdle, and congenital types, as well as the dystrophy known as 

Hereditary Distal Myopathy. Muscle atrophy may also be due to 

a congenital myopathy, such as benign congenital hypotonia, central core 

disease, nemalene myopathy, and myotubular (centronuclear) myopathy. 

Muscle atrophy also occurs during the aging process. 

Muscle atrophy in various pathological states is associated 
with enhanced proteolysis and decreased production of muscle proteins. 
Muscle cells contain lysosomal proteases and cytosolic jSroteases . The 
cytosolic proteases include Ca. sup2+ ; -activated neutral proteases 
(calpains) and an ATP-dependent ubiquitin-proteasome proteolytic system. 
The lysosomal and cytosolic systems are capable of degrading muscle 
proteins in vitro, but less is known about their roles in proteolysis of 
muscle proteins in vivo. Some studies have reported that proteasome 
inhibitors reduce proteolysis in atrophying rat skeletal muscle (e.g. 
Tawa et al. (1997) J. Clin. Invest. 100:197), leading to suggestions 
that the ubiquitin-proteasome pathway has a role in the enhanced 
proteolysis. However, the precise mechanisms of proteolysis in 
atrophying muscle remain poorly characterized. 
,. - ■ i ^ 

Ras is a signaling molecule found in every cell in the body. It is 
activated by a variety of growth factors, including growth factors which 
signal tyrosine kinase receptors. Ras activation results in activation 
of several downstream signaling pathways, including the Raf/Mek/Erk 
pathway. Other potential downstream substrates of Ras include the 
following signaling molecules: PKC, Ral-GDS, KSR, and Rin-1 (Trends 
Genet 1999 Apr; 15(4) ;145) . Ras, Raf, Mek and Erk genes are 
well-conserved through evolution, and homologs can be found in 
eukaryotes from yeast to humans. (Ras: Taparowsky E, et al . (1982) 
Nature 300:762; Raf: Heidecker, et al . (1990) Mol . Cell. Biol. 10:2503; 
Samuels, et al . (1993) Mol. Cell. Biol. 13:6241; Morrison, et al . (1997) 
Curr. Opin. Cell Biol. 9:174; Mek: Crews CM, et al . (1992) Science 
258:478; Erks : Boulton TG, et al . (1991) Cell 65 :663). 

Another pathway that is often simultaneously activated in response to 
the same growth factors and hormones as the Ras/Raf /Mek/Erk pathway is 
the PIS kinase (phosphatidylinositol 3-kinase) /Akt pathway 
(PI3K/Akt) . (Vanhaesebroeck, et al . (1997) TIBS 22:267; Toker 
and Cantley (1997) Nature 387:673; Rameh and Cantley (1999) J. Biol. 
Chem. 274:8347). In some systems, the small guanine nucleotide binding 
protein, Ras, acts as an upstream positive effector of both the 
Raf/Mek/Erk pathway and the P13 /Akt pathway. (Katz, et al . 
(1997) Curr. Opin. Genet. Dev. 7:75; Rodriquez-Viciana et al . (1997) 
Cell 89:457; Rommel, et al . (1998) Curr. Opin. Genet. Dev. 4:412). In 
fact, IGF-1, which causes hypertrophy in myotubes in vitro, has been 
shown to activate both the Ras/Raf /Mek/Erk pathway and the PI3K/ 
Akt pathway. (Quinn, et al . (1994) J. Cell Physiol. 3:387; 



Coleman, et al . (1995) J. Biol. Chem. 270:12109; Collican, et al . (1997) 
J. Biol. Chem. 272:6653; Skolnik, et al . (1993) Science 260:1953; 
Florini, et al . (1996) Endocr. Rev. 17:481; Stokoe, et al . (1997) EMBO-J 
16:2384; Avruch (1998) Mol . Cell. Biochem. 182:31). However, it has also 
been proposed that these two pathways can have opposing effects. 
Manipulation of these pathways during muscle differentiation indicates 
that inhibition of the Ras/Raf /Mek/Erk pathway can enhance 
differentiation, and that inhibition of P13/Akt pathway blocks 
differentiation. (Bennet, et al . (1997) Science 278:1288; Coolican, et 
al. (1997) J. Biol. Chem. 272:6653; Jiang, et al . (1998) Proc. Natl. 
Acad. Sci . 24:14179). However, there has been no evaluation of the roles 
of these two pathways in the process of skeletal muscle atrophy 
and/or hypertrophy. 

Studies have shown that in response to increases in external load, 
skeletal muscle adapts by increasing muscle mass and protein content 
primarily through an increase in muscle fiber size which translates into 
greater tension output (Carson, J. A. Exercise Sport Science Rev. 25: 
301-320 (1997)). However, the signaling pathways responsible for the 
regulation of muscle fiber size and muscle mass are unknown. Initial 
studies in cardiac hypertrophy (Molkentin, J.D. et al . Cell 93:215-228 

(1998) ) as well as early studies with skeletal muscle cells in vitro 
(Molkentin, J.D. et al. Cell 93:215-228 (1998); (Semarian, C. et al . 
Nature 400: 576-581 (1999) pointed toward a key role for the 
cyclosporin-inhibitable phosphatase known as calcineurin. However, 
recent attempts to determine the effects of calcineurin manipulation on 
skeletal muscle hypertrophy in vivo have been inconclusive (Semarian, C. 
et al. Nature 400: 576-581 (1999); Musaro, A. et al Nature 400: 581-585 

(1999) ). Recently, Baar and Esser (Baar, K. & Esser, K. Am. J. Physiol. 
Cell 45: C120-C127 (1999)) showed that phosphorylation of the 70-kD S6 
protein kinase (p70 . supS6K. ) increases in muscles with hypertrophy 
following a high-resistant exercise training protocol in rats. 
Additionally, IGF-1, which activates the PI3K/Akt pathway, is 
upregulated during load-induced hypertrophy (Carson, J. A. Exercise Sport 
Science Rev. 25: 301-320 (1997); Adams, G.R. & Haddad, G.R. J. Appl . 
Physiol. 81: 2509-2516 (1996)) aad.leads to muscle t^ffiertrophy in 
transgenic mice overexpres^s4ng(lGF-l under the control of a 

skeletal -actin promoter (Coleman7"'1»rrE . et al J. Biol. Chem. 270: 
12109-12116 (19^95) ) . These observations are intriguing because 
p70.supS6K. and the 4E binding protein (PHAS-I) are key phosphoproteins 
involved in the regulation of protein translation initiation (Brunn, 
G.J. et al. Science 277: 99-101 (1997); Rhoads , R.E. J. Biol. Chem. 274: 
30337-30340 (1999)). Moreover, activation of p70.supS6K. correlates to 
increases in the translation of mRNA containing a 5' -TOP tract, 
including ribosomal proteins and the elongation factors (Vary, T.C. et 
al. Am. J. Physiol. Endocrinol. Metab. 278: E58-E64 (2000)). 
Phosphorylation of PHAS-I leads to its dissociation from eIF4E allowing 
eIF4E to bind to the 5 • -cap structure of an mRNA and initiate the 
formation of the eIF4F complex. The phosphorylat ion/activation of 
p70.supS6K. and PHAS-I is regulated, in part, by a protein kinase, mTOR 
which is activated by the PI3K/Akt pathway and inhibited by 
rapamycin. 

'Therefore, in accordance with the present invention, it has been 
discovered that activation of the PI3K/Akt pathway results in 
increased hypertrophy and blocking of atrophy of skeletal 
muscle cells. 

SUMMARY OF THE INVENTION 

The present invention provides a method of identifying a test agent that 
inhibits muscle atrophy comprising: 

(a) obtaining cells that express the following: 
1) Akt; 



2) an Akt reporter substrate capable of measuring 
Akt substrate activation; 

3) Raf; and 

4) a Raf reporter substrate capable of measuring Raf substrate 
activation; 

(b) subjecting the cells to a test agent; 

(c) measuring the amount of Akt substrate activation in 
(a) (2) ; 

(d) measuring the amount of Raf substrate activation in (a) (4) , 
wherein activation of the Akt substrate absent activation of 

the Raf substrate is used to identify a test agent that inhibits muscle 
atrophy. 

Agents that activate the PI3K/Akt pathway, which in turn block 

Raf activity, and thereby inhibit the Raf/Mek/Erk pathway, are useful 

for preventing or reducing atrophy and/ or causing hypertrophy 

in skeletal muscle cells. 

In preferred embodiments of the method the cells are fibroblasts, muscle 
cells, myoblasts, or C2C12 cells. 

Another embodiment is a cell comprising; 

1) Akt; 

2) an Akt reporter substrate capable of measuring 
Akt substrate activation; 

3) Raf; and 

4) a Raf reporter substrate capable of measuring Raf substrate 
activation. 



BRIEF DESCRIPTION OF THE FIGURES 

Figure lA-lF: Muscle hypertrophy is not blocked by cyclosporin A. Figure 
lA: Weight of the rat heart, expressed as a percent change from control, 
following daily treatment with the b. sub2 . -adrenergic agonist denbuterol 
(3 mg/kg, s.c.) for 14 days (CLEN) or daily treatment with denbuterol 
and cyclosporin for 14 days (CLEN+CsA) (10 rats/group). Figure IB: 
Calcineurin phosphatase activity measured in plantaris muscle lysates 
from control rats (CON) , control rats treated with cyclosporin for 4 
days (Con+CsA) , 4 day compensatory hypertrophy rats (CH) , and 4 day CH 
rats treated with cyclosporin (CH+CsA) . Total amount of calcineurin was 
similar between groups as measured by Western blot. Figure IC: 
Cross-sections of the rat plantaris muscle were stained with an 
anti-MyHC slow antibody. Groups were control (CON) , . 14d compensatory 
hypertrophy (CH) and 14d CH treated daily with cyclosporin (CH+CsA) . 
Figure ID: Weight of the rat plantaris muscle, expressed as a percent 
change from control, following 14 or 3 0 days of compensatory hypertrophy 
with vehicle (CH) or cyclosporin treatment (CH+CsA) (10 rats/group) . 
Figure IE: Cross -sectional area of muscle fibers in the rat plantaris 
muscle of control (CON) , 14 day compensatory hypertrophy (CH) or 14 day 
compensatory hypertrophy plus cyclosporin treatment (CH+CsA) (5 
rats/group) . Muscle fibers were classified as slow or fast based on 
staining with an anti-MyHC -slow antibody. Figure IF: Percentage of 
muscle fibers expressing slow myosin heavy chain in the plantaris muscle 
of control (CON) , 14 day compensatory hypertrophy (CH) or 14 day 
compensatory hypertrophy plus cyclosporin treatment (CH+CsA) (5 
rats /group) . 

Figure 2A-2G: Muscle hypertrophy is associated with increased 
phosphorylation of p70.sups6k. and is blocked by rapamycin. Figure 2A: 
Weight of the rat plantaris muscle, expressed as a percent change from 
control, following 7 or 14 days of compensatory hypertrophy with vehicle 
(CH) or rapamycin treatment (CH + Rap) (10 rats/group) . Asterisk 



indicates significant difference from CH group (p<0,05). Figure 2B: 

Cross-sectional area of muscle fibers in the rat plantaris muscle of 
control (CON) , 14 day compensatory hypertrophy (CH) or 14 day 
compensatory hypertrophy plus rapamycin treatment (CH+Rap) (5 
rats/group) . Muscle fibers were classified as slow or fast based on 
their staining with an anti-MyHC-slow antibody. Asterisk indicates 
significant difference from CH group (p<0.05). Figure 2C: Western blots 
demonstrated an increase in the phosphorylation of p70.sups6k. in the 
plantaris during compensatory hypertrophy (CH) as evidenced by notable 
gel shifts. Each lane represents 25 mg of total protein extracted from a 
pool of 3 plantaris muscles after control (CON, lanes 1) , 3d CH (lanes 
2), Id CH (lanes 3), or 14d CH (lanes 4). Arrowhead indicates 
hyperphosphorylated p70.sups6k, species. For each group, duplicate lanes 
represent different pools of plantaris muscles. Figure 2D: Western blots 
of p70.sups6k. in the rat plantaris. The p70.sups6k. gel shift observed 
after 7 (lane 2) and 14 (lane 5) days of compensatory hypertrophy (CH/-) 
was inhibited by daily injections of rapamycin (CH/RAP; lanes 3 and 6) . 
Figure 2E: The specific activity of p70.sups6k. was determined by 
.sup32.P incorporation into 40s ribosomes in the immune complex. The 
p70.sups6k. activity was measured in the plantaris after 14d of 
compensatory hypertrophy (CH) and after 14d treated with rapamycin 
(CH+Rap) . Figure 2F: PHAS-I bound to eIF4E after 14d compensatory 
hypertrophy (CH) or 14d CH plus rapamycin (CH+Rap) . After correction for 
the amounts of eIF4E recovery, the results were expressed as a 
percentage of the respective controls and are the means +- the range of 
two experiments. Increased phosphorylation of PHAS-I leads to its 
disassociation from the initiation factor elF4E. The percentage of 
PHAS-I bound to eIF4E was significantly lower than control following CH. 
Treatment of CH rats with rapamycin inhibited the phosphorylation of 
PHAS-I and prevented the disassociation of PHAS-I from eIF4E. Figure 2G: 
eIF4G bound to eIF4E after 14d compensatory hypertrophy (CH) or 14d CH 
plus rapamycin (CH+Rap) . After correction for the amounts of eIF4E 
recovery, the results were expressed as a percentages of the respective 
controls and are the means +- the range of two experiments. The 
percentage of eIF4E bound to eIF4G was significantly increased from 
control following CH. Treatment of CH rats with rapamycin significantly 
decreased the percentage of eIF4E bound to eIF4G. 

DETAILED DESCRIPTION OF THE INVENTION 

Muscle atrophy can be caused by the enhanced proteolysis of 

muscle proteins, resulting in a decrease in muscle mass. In addition, 
muscle atrophy can be caused by a diminished synthesis of 
proteins, resulting in a decrease in muscle mass. 

It has been discovered in accordance with the present invention that 
when skeletal muscle cells contain and express an activated mutant form 
of the Akt transgene, the resultant cells appear hypertrophic 
in comparison to control skeletal muscle cells . 

It has also been discovered in accordance with the present invention 

that activation of the PI3K/Akt pathway inhibits the 

Raf/Mek/Erk pathway in differentiated myotubes . Thus, the phenotype 

observed using constitutively active Akt is similar, although 

more pronounced, than that observed when the dominant negative form of 

Raf is expressed. It has been previously discovered by Applicants that 

when skeletal muscle cells contain and express a "dominant negative" 

mutant form of the Raf transgene, the resultant cells appear 

hypertrophic in comparison to control cells. A "dominant negative" 

mutant form of a signaling molecule is a mutant which is capable of 

inhibiting normal signaling of that molecule. 

Accordingly, Applicants have discovered that specific activators of the 
PI3K/Akt pathway are useful for reducing or preventing 



atrophy or causing hypertrophy in skeletal muscle cells. As used 
here, "specific activators" of the PI3K/Akt pathway are those 
which result in activation of a substrate within the PI3K/Akt 
pathway, but which do not activate the Ras/Raf /Mek/Erk pathway. For 
example, IGF would not be considered a specific activator of the PI3K/ 
Akt pathway, as defined herein, since it also activates the 
Ras/Raf /Mek/Erk pathway. In a preferred embodiment, the specific 
activator is an activator of Akt. In additional preferred 
embodiments, the specific activator is an activator of mTOR, 
p70,supS6K., or PHAS-I. 

Specific activators are agents that may be used to decrease and/or 
prevent atrophy in mammals having a condition, such as those 
described herein, in which skeletal muscle atrophy is 
occurring. Atrophying skeletal muscle cells, or vertebrate animals 
having a condition as described above in which muscle cells are 
atrophying, are treated with a specific activator so as to prevent or 
decrease muscle cell atrophy. Such treatment may be utilized 
prophylactically prior to the onset of muscle atrophy or after 
such condition has manifested itself. Vertebrate animals include any 
species containing skeletal muscle and a backbone, and includes 
chickens, rodents, rabbits, dogs, cats, cows, horses, pigs, sheep, 
primates, and humans, preferably humans. 

Specific activators of the PI3K/Akt pathway are agents that 

may be used to cause hypertrophy in skeletal muscle cells. Further, such 

specific activators may be used to cause muscle hypertrophy in 

vertebrate animals having conditions, such as those described herein, in 

which skeletal muscle atrophy is anticipated. In some 

settings, such as in animals farmed for meat production, such agents 

might be used to increase meat production. 

Therapeutic compositions, comprising a specific activator of the PI3K/ 
Akt pathway in a carrier which may include excipients, diluents 
or other compounds. Such compositions may be administered systemically 
or locally. Any appropriate mode of administration known in the art may 
be used including, but not limited to, intravenous, intrathecal, 
intraarterial, intranasal, oral, subcutaneous, intraperitoneal, or by 
local injection or surgical implantation. Sustained release formulations 
are also provided for. 

The activity of such compositions in vertebrate animals may be assessed 
using experimental animal models of disorders in which muscle 
atrophy is present. For example, the activity of the 
compositions may be tested for their effect in the hindlimb 
immobilization model described herein in Example 2 infra. Alternatively, 
the activity of the compositions may be assessed using experimental 
animals in which hypertrophy can be measured. For example, the activity 
of the compositions may be tested for their effect on muscles undergoing 
exercise- induced hypertrophy, or compensation- induced hypertrophy (see 
Example 3 infra) . Alternatively, the muscle may be assessed in control 
animals as compared to animals treated with the experimental 
compositions, to determine if the treated animals exhibit skeletal 
muscle hypertrophy as a result of their treatment. Data obtained from 
cell culture assays and animal studies can be used in formulating a 
range of dosages for use in vertebrate animals, including humans. The 
dosage of the compositions of the invention should lie within a range of 
serum circulating concentrations with little or no toxicity. The dosage 
may vary within this range depending on the dosage form employed and the 
route of administration. 

To screen for specific activators of the PI3K/Akt pathway in a 
cell-based assay, a cell which expresses Akt, such as a 
myoblast or myotube, but also any other cell which expresses Akt 



, including a fibroblast, may be used to determine if a reporter 
substrate containing an Akt phosphorylation site or downstream 
component ("Akt substrate/reporter construct") becomes 

phosphorylated when contacted with a test agent. One skilled in the art 

will recognize that other components in the PI3K/Akt pathway 

may also be used in place of Akt, provided the appropriate 

reporter substrate is present. For example, the assay may comprise PI3K 

and a substrate/reporter construct that comprises Akt, 

Examples of substrates that are phosphorylated by Akt include 

GSK3 (glycogen synthase kinase 3) (Cross, et al. (1995) Nature 378: 785, 

BAD; Datta, et al . (1997) Cell 91,231-41; del Peso, et al , (1997) 

Science 278: 687), the transcription factor "forkhead" (Brunet, (1999) 

Cell 96: 857; Kops, et al . (1999) Nature 398; 630); and mTOR. 

To assess Akt-specif icity , other reporter substrates 

activated, for example, by a component of the Ras/Raf /Mek/Erk pathway, 
or downstream molecules that are activated by this pathway (Raf reporter 
substrates), are followed to assure that this pathway is not activated 
by the agents identified as described herein which activate the PI3K/ 
Akt pathway. Examples of reporter constructs that may be used to 
assess contact between Akt and a substrate include those used 
in FRET-based assays. 

Activation, as used herein, would be defined as an amount above the 
level normally expressed by the cell in the absence of the agent. A good 
review of the signaling components which are part of the Ras/Raf /Mek/Erk 
pathway, as well as downstream components effected by this pathway, is 
contained in Rommel and Hafen (1998) Curr. Opin. Genet. Devel. 8:412. 

According to the invention, cells are created that comprise Akt 

, an Akt reporter substrate capable of measuring Akt 

substrate activation, Raf, and a Raf substrate/reporter construct 

capable of measuring Raf substrate activation. Such cells are subjected 

to a test agent, and the amount of Akt substrate activation 

and the amount of Raf substrate activation are measured using the 

respective reporter substrates. Test agents that may be utilized to 

inhibit atrophy or cause hypertrophy are identified as those 

that cause Akt substrate activation without causing Raf 

substrate activation. The present invention also contemplates cells that 
express Akt as well as Raf/Mek/Erk signaling components and 
the respective reporter constructs that may be used to determine 
activation of Akt and Raf/Mek/Erk in the cells. 

Cells useful for expressing Akt and Raf and their associated 
reporter substrates include non muscle cells, as well as any and all 
muscle cells that can be maintained in culture and that can be 
engineered to express a heterologous nucleic acid. The cells may be 
primary cultures or established cell lines. Suitable muscle cells 
include myoblasts, for example the C2C12 cell line as described in 
Bains, et al . (1984) Mol . Cell. Biol. 4:1449, the disclosure of which is 
incorporated herein by reference. Other suitable muscle cells include 
Sols cells, described by Glass et al . (1997) Proc . Natl. Acad. Sci . USA 
16:8848, and L6 cells, described by Ringentz et al . (1978) Exp. Cell 
Res. 113:233. 

The Akt, Raf and reporter substrate nucleic acids under the 
control of suitable transcriptional and translational regulatory 
sequences can be introduced into the cell by methods known in the art 
including, for example, transformation, transf ection, infection, 
transduction and injection. The expression vector containing Akt 
and Raf reporter substrate nucleic acids under the control of suitable 
promoters is introduced into cells by known methods, for example 
liposome -mediated transf ection, calcium phosphate-mediated transf ection, 
DEAE-dextran transf ection, naked DNA transf ection, microinjection, 
electroporation, retroviral -mediated infection, adenoviral -mediated 



infection, or adeno-associated viral -mediated infection. The reporter 
construct nucleic acids can be introduced into the cell stably or 
transiently. Methods for introducing heterologous nucleic acids into 
eukaryotic cells are described in numerous laboratory manuals including, 
for example, DNA Cloning: A Practical Approach, vols. I-III (1985) 
Glover, ed. , IRL Press Limited, Oxford, and Sambrook et al , (1989) 
Molecular Cloning: A Laboratory Manual, 2.supnd. edition. Cold Spring 
Harbor, NY. 

In a preferred embodiment, the nucleic acid is inserted into a 
retroviral vector, for example, as described by Pear et al . (1993) Proc . 
Natl. Acad. Sci . USA 90:83 92, incorporated herein by reference. In this 
embodiment, the viral LTR promoter controls the transcription of the 
nucleic acid. The vector is transiently transfected into a retroviral 
packaging line, and the resulting recombinant virus which contains the 
nucleic acid is harvested, as described by Pear et al., id. The 
recombinant virus is then used to infect myoblasts as described by 
Hoffman et al. (1996) Proc. Natl. Acad. Sci. USA 93:5185, incorporated 
herein by reference. C2C12 cells, as an example of skeletal muscle cells 
expressing Akt, can be maintained in the undifferentiated 
state by growing them in tissue culture media containing at least 10% 
fetal calf serum, or they can be differentiated into skeletal muscle 
myotubes by growing them in media containing 2% horse serum. The 
necessary tissue culture methods are known to those of ordinary skill in 
the art. C2C12 cells are described in Bains et al. (1984) Mol. Cell 
Biol. 4:1449. 

In methods for the identification of an agent that inhibits muscle cell 
atrophy, or causes hypertrophy, the agent may be contacted with 
the cell comprising Akt, Raf and the reporter substrates 
constructs by methods known in the art. For cells in culture or cells 
obtained from transgenic organisms, the cell may be contacted with the 
agent by, for example, direct application. The agent may be modified or 
contained in a delivery vehicle to facilitate entry into the cell. The 
agent may be isolated and purified, or it may be present in a sample or 
composition to be subjected to further isolation and purification 
subsequent to a positive result in the present method. For example, the 
agent may be contained in a cell lysate, conditioned cell culture media, 
or a library of synthetic or naturally occurring compounds . For muscle 
cells present in a transgenic organism, the cells may be contacted with 
the agent by delivering the agent by methods known in the art, for 
example by ingestion, parenteral administration, or direct application 
to tissue surfaces, and may be present in a composition comprising a 
carrier or diluent. Agents that may be tested in the method of the 
present invention include, for example, organic and inorganic molecules 
such as proteins, peptides, lipids, carbohydrates, nucleic acids, 
including antisense, metals, salts, and so on. 

Test agents identified above may be assessed for their ability to cause 

hypertrophy or reduce atrophy in cultured muscle cells. The 

amount of atrophy in cells may be measured by quantitation of 

cell diameter, protein amount, or by activation of the PHAS-I protein or 

p70.supS6K. which stimulate protein synthesis. In vertebrate animals, 

muscle atrophy may be measured as described in Example 2 

herein. 

The presence of activated PI3K/Akt and Raf/Mek/Erk pathway 
substrates can also be assessed using antibodies specific for these 
proteins . 

In another embodiment, the present invention provides a method of 
identifying an agent that inhibits atrophy in muscle cells, 
comprising preparing an in vitro assay for Akt, contacting the 
Akt with an agent to be tested; and screening for agents which 



activate the Akt protein. According to this embodiment, an 

assay could be developed to take advantage of the fact that Akt 

is a kinase, and when activated it phosphorylates serine and threonine 

on specific substrates. Thus, Akt protein could be contacted 

with an appropriate substrate and a test agent, in an in vitro kinase 

assay, and the substrate could then be analyzed for whether it had 

become phosphorylated by Akt. To assure specificity, other 

serine- threonine protein kinases, such as Raf , would also be assayed 

with the same test agent, to assure that the agent causes activation of 

Akt specifically. 

The methods of the present invention are useful for the identification 

of agents that prevent atrophy or cause hypertrophy in muscle 

cells by specifically activating the PI3K/Akt pathway. The 

agents identified by the present methods are useful for the treatment 

and prevention of muscle atrophy and for causing muscle 

hypertrophy. 

In addition to the embodiments described supra, a tissue-specific 

mechanism of activating the PI3K/Akt pathway would also be 

very valuable. Applicants have demonstrated that activation of PI3K can 

lead to an increase in protein synthesis, and can block muscle 

atrophy. Current agents such as IGF-1 activate the PI3K/ 

Akt pathway in skeletal muscle, but also in many other tissues, 

since the receptor for lGF-1 is ubiquitous. Therefore, an agent whose 

receptor is tissue- specif ic, or which can be engineered to act in a 

tissue-specific fashion, such as by specific introduction of the agent 

into muscle, or by joining the agent to a second moiety which confers 

tissue specificity, would be useful in blocking muscle atrophy 

, or in inducing muscle hypertrophy. A tissue-specific activator of the 

PI3K/Akt pathway would have the additional benefit of avoiding 

side-effects caused by lack of specificity, such as cardiac muscle 

hypertrophy, for example. A tissue-specific mechanism of activating the 

PI3K/Akt pathway would not need to be absolutely specific for 

the PI3K/Akt pathway. It has been shown that IGF-1, which 

activates the PI3K/Akt pathway, also simultaneously activates 

the Ras/Raf pathway. However, in skeletal muscle, Akt 

inhibits Raf, as shown in the Example 1 infra; therefore, the activation 
of the Ras/Raf pathway would not interfere with the mechanism of a 
skeletal muscle-specific activator of PI3K/Akt. 

The following non-limiting examples serve to further illustrate the 
present invention. 

EXAMPLES 

Example 1: The effect of activation of AKT in muscle cells. 

The role of the PI3K/Akt pathway in C2C12 myoblasts and 
differentiated myotubes was examined by genetic manipulation. Genetic 
manipulation of C2C12 cells was accomplished by the transfection of 
vectors capable of expressing a gene of interest as well as the green 
fluorescent protein (GFP) reporter gene. This enabled isolation of rare 
clones of transfected cells expressing desired levels of the gene of 
interest, using standard fluorescence activated cell sorter (FACS) 
technology. Expression of the transgenes was confirmed by standard 
immunoblotting. HA-epitope tagged cons ti tut ively active Akt 
(Franke, et al, (1995) Cell., 81:2143) and constitutively active PI3K 
(Khwaja, et al. (1998) J. Biol. Chem. 273:18793) were subcloned into a 
bi-cistronic vector consisting of the MCK promoter (Jaynes, et al . 
(1988) Mol. Cell, Biol. 8:62 and an IRES-EGFP cassette (Clontech) . 
Subconfluent C2C12 myoblasts were transfected by calcium 
phosphate -mediated co- transfection (Specialty Media, Inc.). Transfection 
was performed as described previously (Glass, et al . (1996) Cell 



85:513) . Flow cytometry and cell sorting were carried out on a 
Cytomation MoFlo (Fort Collins, CO) high speed cell sorter. Laser 
excitation was 130 mw at 488 nm. Fluorescence emission was collected 
through a 530/540 nm band pass filter for GFP. For sorting, cells were 
collected at a sort rate of 25,000 cells/second. The collected myoblasts 
were then grown to confluence, and differentiated by standard techniques 
into "myotubes", which are multi -nucleated muscle cells, similar to 
actual muscle fibers. 

Expression of GFP alone did not alter the C2C12 differentiation process. 
Vector-driven expression of a constitutively active form of Akt 
(Bellacosa, et al . (1991) Science 254:274/ Kohn, et al . (1996). J. Biol. 
Chem. 271:31372; Eves, et al. (1998) Mol . Cell. Biol. 18:2143) caused a 
hypertrophic phenotype, resulting in thickened but shortened 
multinucleated myotubes. The effect was even more pronounced than that 
observed previously by the Applicants, in which a dominant negative form 
of Raf is expressed by C2C12 cells. Thus, genetic manipulation of the 
Raf/Mek/Erk and the PI3K/Akt pathways revealed opposing 
phenotypic effects during the muscle differentiation process, with the 
Raf/Mek/Erk pathway inhibiting the hypertrophic phenotype while the 
PI3K/Akt pathway promoting the hypertrophic phenotype. This 
phenotypic correlation was confirmed by examining expression of myogenin 
and p21CIP, two markers of myoblast differentiation. While 
constitutively active Raf decreases their expression, dominant negative 
Raf and constitutively active Akt increased the expression of 
both of these markers . 

Biochemical evaluation of the Raf/Mek/Erk and PI3K/Akt 
pathways in the genetically manipulated myotubes revealed 
cross-regulation between the two pathways. Erk phosphorylation was used 
as a downstream marker of the Raf/Mek/Erk pathway activation. Erk 
phosphorylation was induced in C2C12 myotubes by serum and an unrelated 
factor, heregulin-p. In addition, Erk was constitutively 
phosphorylated in myotubes expressing constitutively active Raf. In 
contrast, Erk phosphorylation induced by serum and heregulin-p was 
significantly inhibited in myotubes in which the PI3K/Akt 
pathway was constitutively activated by expressing constitutively active 
Akt. To confirm these findings, a constitutively active form of 
PI3K (Klippel, et al. (1996) Mol. Cell. Biol. 16:4117; Khwaja, et al . 
(1998) J. Biol. Chem. 273:18793) was expressed, to activate endogenous 
Akt in differentiated C2C12 myotubes (as verified by increased 
levels of endogenous Akt phosphorylation) . As observed in 
myotubes expressing constitutively active Akt, the level of 
phosphorylation of Erk was similarly inhibited. Thus, activation of the 
PI3K/Akt pathway inhibited activation of Erk. Although almost 
complete ablation of serum- induced activation of Erk in differentiated 
C2C12 myotubes expressing constitutively active Akt was 
observed, no inhibition of Erk activation occurred in myoblasts, 
despite similar levels of expression of the constitutively active 
Akt. Thus, the regulatory effect of Akt on the Erk 
pathway is specific to differentiated muscle cells. 

The mechanism for the stage-specific inhibition of the Raf/Mek/Erk 

pathway by Akt was addressed by examining Raf /Akt 

complex formation. Expression of endogenous Raf was comparable in 

myoblasts and myotubes. Constitutively active Akt could be 

co-immunoprecipitated with Raf from different myotubes, but not from 

myoblasts. A kinase- inactive form of Akt did not associate 

with Raf in differentiated myotubes, consistent with the notion that 

neither Akt activation or membrane localization was required 

for its association with Raf in myotubes. 

Akt can phosphorylate Raf in vitro, but the cross -regulatory 
mechanism identified herein cannot simply be explained by obligate 



binding of Akt to Raf , followed by Akt 

phosphorylation of Raf, since both binding and cross -regulation occur ir 

myotubes but not myoblasts. Thus, Akt and Raf do not 

obligately interact. Regulation of Raf /Akt interactions may 

involve stage-specific modifications of these proteins, or 

stage -specific proteins that regulate formation of Raf /Akt 

complexes . 

Example 2: Animal model for atrophy. 

To test for muscle atrophy, the ankle joint of rodents (mice 
or rats) are immobilized at 90 degrees of flexion. This procedure 
induces atrophy of the muscles with action at the ankle joint 
(e.g. soleus, medial and lateral gastrocnemius, tibilias anterior) to 
varying degrees. A reproducible amount of atrophy can be 
measured in hindlimb muscles over a 14 -day period. . 

The immobilization procedure may involve either casting (mice) or 
pinning the ankle joint (rats) . Rodents are anesthetized with 
ketamine/xylazine and the right ankle joint is immobilized. In rats, a 
0.5 cm incision is made along the axis of the foot, over the heel 
region. A threaded screw (1.2 x 8mm) is then inserted through the 
calcaneous and talis, into the shaft of the tibia. The wound is closed 
with skin glue. In mice, the ankle joint is fixed at 90 degrees with a 
light weight casting material (VET-LITE) around the joint. The material 
is soaked in water and then wrapped around the limb. When the material 
dries it is hard, but light in weight. 

At seven and 14 days following the immobilization, animals are 
anesthetized and killed by cervical dislocation. The tibialis anterior 
(TA) , medial gastrocnemius (MG) , and soleus (Sol) muscles are removed 
from the right (immobilized) and left (intact) hindlimbs, weighed, and 
frozen at a fixed length in liquid nitrogen cooled isopentane. A cohort 
of control animals which are the same weight and age as the experimental 
animals are also killed and the muscles removed, weighed and frozen. The 
amount of atrophy is assessed by comparing the weight of the 
muscles from the immobilized limb with the weight of the muscles from 
the control animals. Further assessment of atrophy will be 
done by measuring muscle fiber size and muscle tension output. 

Example 3: Muscle hypertrophy is associated with increased 
phosphorylation of p70.supS6K. and PHAS-I and is blocked by rapamycin. 

The roles of the calcineurin and mTOR pathways in producing muscle 
hypertrophy were examined in the compensatory muscle hypertrophy model. 
When a fast-twitch skeletal muscle is subjected to a chronic workload 
increase by removing functionally synergistic muscles, the muscle 
compensates by increasing fiber size and muscle mass, as well as by 
switching fibers to a slow- twitch phenotype (Adams, G.R. & Haddad, G.R 
J. Appl. Physiol. 81: 2509-2516 (1996).; Roy, R.R. et al . J. Appl . 
Physiol. 83: 280-290 (1997)). Applicants induced functional overload of 
the rat plantaris muscle by surgically removing the soleus and 
gastrocnemius muscles. Cyclosporin A (CsA) was given at a dosage (15 
mg/kg, s.c.) that was sufficient to block pharmacologically- induced 
cardiac hypertrophy using the p . sub2 . - adrenergic agonist, 
denbuterol (Figure lA) and inhibited calcineurin activity in control 
skeletal muscle (Figure IB) . Treatment with CsA was unable to prevent 
compensatory hypertrophy of the plantaris at 7, 14 or 30 days following 
the surgical overload as evidenced by the increases in muscle mass 
(Figure ID) and fiber size (Figure IC & Figure IE). In contrast, 
rapamycin treatment almost completely prevented the increases in 
plantaris muscle mass (Figure 2A) and fiber size (Figure 2B) in both 
rats and mice at 7 and 14 days following the removal of synergists. 
Rapamycin treatment did not exhibit non-specific effects since it had no 



effect on body weight or the baseline mass of non- hypertrophy ing 
hindlimb muscles in these adult animals. Further, rapamycin given to 
control adult animals for 14 days had no effect on body weight or muscle 
mass. Consistent with these findings suggesting a requisite role for the 
PI3K/Akt/mT0R pathway and not the calcineurin pathway in 
compensatory muscle hypertrophy, downstream targets of mTOR - 
p70.supS6K. and PHAS-I - were inducibly phosphorylated (as evidenced by 
notable gel shifts for p70.supS6K., Figure 2C and for PHAS-I) and 
activated (in terms of kinase activity for p70.supS6K., Figure 2E, and 
in terms of release of PHAS-I, from it sequestration within an 
inhibitory complex with the translation initiation factor eIF4E, Figure 
2F, thereby allowing binding of eIF4E to eIF4G, Figure 2G) immediately 
upon the initiation, as well as during the entire duration of the 
hypertrophic response. In contrast, calcineurin activity was not 
increased in hyper trophy ing muscle, and in fact was decreased (Figure 
IB) . Moreover, just as rapamycin treatment completely blocked the 
hypertrophic response, it also completely blocked the accompanying 
binding and activation of p70,supS6K. (Figure 2D & Figure 2E) and PHAS-I 
(Figure 2F & Figure 2G) in hyper trophy ing muscle. 

Applicants' findings demonstrate that adaptive hypertrophy of adult 
skeletal muscle is not dependent on a calcineurin signaling pathway, but 
rather appears to be critically regulated by the activation of the PI3K/ 
Akt/mTOR pathway and its downstream targets, p70.supS6K. and 
PHAS-I. While Applicants' data reveal that maintenance of muscle mass in 
mature animals is not dependent on the mTOR pathway (since rapamycin did 
not produce a loss of muscle mass in adult rodents) , this pathway 
appears critical in load- induced hypertrophy of adult muscle and 
recovery of mass following atrophy. 

Example 4; The effect of inhibiting GSK3 (Glycogen Synthase Kinase 3) in 
skeletal muscle cells. 

The role of the PI3K/Akt/GSK3 pathway in C2C12 myoblasts and 
differentiated myotubes was examined by genetic manipulation. Genetic 
manipulation of C2C12 cells was accomplished by the transfection of 
vectors capable of expressing a gene of interest as well as the green 
fluorescent protein (GFP) reporter gene. This enabled isolation of rare 
clones of transfected cells expressing desired levels of the gene of 
interest, using standard fluorescence activated cell sorter (FACS) 
technology. Expression of the transgenes was confirmed by standard 
immunoblotting . Akt phosphorylation of GSK3 results in 
inhibition of GSK3 activity. Therefore, to model the effect of GSK3 
inhibition, a dominant -negative, kinase dead, HA-epitope tagged mutant 
of GSK3 (Dominguez and Green, Development, 2000, v 127, p861-868)) was 
subcloned into a bi-cistronic vector consisting of the MCK promoter 
(Jaynes, et al . (1988) Mol . Cell. Biol. 8:62 and an IRES-EGFP cassette 
(Clontech) . Subconfluent C2C12 myoblasts were transfected by calcium 
phosphate-mediated co-transf ection (Specialty Media, Inc.). Transfection 
was performed as described previously (Glass, et al . (1996) Cell 
85:513), Flow cytometry and cell sorting were carried out on a 
Cytomation MoFlo (Fort Collins, CO) high speed cell sorter. Laser 
excitation was 130 mw at 488 nm. Fluorescence emission was collected 
through a 530/540 nm band pass filter for GFP. For sorting, cells were 
collected at a sort rate of 25,000 cells/second. The collected myoblasts 
were then grown to confluence, and differentiated by standard techniques 
into "myotubes", which are multi-nucleated muscle cells, similar to 
actual muscle fibers . 

Expression of GFP alone did not alter the C2C12 differentiation process. 
Vector-driven expression of the kinase-inactive GSK3 caused a 
hypertrophic phenotype, resulting in thickened but shortened 
multinucleated myotubes. Thus, genetic manipulation of the PI3K/ 
Akt/GSK3 pathway reveals that inhibition of GSK3 activity. 



mimicking the effect of activated Akt, is sufficient to cause 

a hypertrophic phenotype Biochemical evaluation of the PI3K/Akt 
/GSK3 pathways was performed by evaluating a substrate of GSK3, 
beta-catenin. In myotubes expressing the dominant negative, 
kinase -inactive form of GSK3, a decreased phosphorylation of 
beta-catenin was demonstrated, consistent with the blockage of 
endogenous GSK3 activity. 

Although the foregoing invention has been described in some detail by 
way of illustration and example, it will be readily apparent to those of 
ordinary skill in the art that certain changes and modifications may be 
made to the teachings of the invention without departing from the spirit 
or scope of the appended claims . 

CLMEN 1. A method of identifying a test agent that inhibits muscle 
atrophy comprising: 

(a) obtaining cells that express the following: 

1) Akt; 

2) an Akt reporter substrate capable of measuring 
Akt substrate activation; 

3 ) Raf ; and 

4) a Raf reporter substrate capable of measuring Raf substrate 
activation; 

(b) subjecting the cells to a test agent; 

(c) measuring the amount of Akt substrate activation in 
(a)(2); 

(d) measuring the amount of Raf substrate activation in (a) (4), 
wherein activation of the Akt substrate absent activation 

of the Raf substrate is used to identify a test agent that inhibits 
muscle atrophy, 

2. A method according to claim 1 wherein the cells are fibroblasts. 

3 . A method according to claim 1 or 2 wherein the cells are muscle 
cells. 

4. A method according to claim 3 wherein the muscle cells are myoblasts. 

5. A method according to claim 4 wherein the myoblasts are C2C12 cells. 

6. A cell comprising: 

1) Akt; 

2) an Akt reporter substrate capable of measuring 
Akt substrate activation; 

3) Raf; and 

4) a Raf reporter substrate capable of measuring Raf substrate 
activation. 



